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TITLE OF INVENTION: A METHOD OF PRODUCING A DETECTOR 

BELONGING TO A GAS SENSOR, AND A DETECTOR 
PRODUCED IN ACCORDANCE WITH THE METHOD 

FIELD OF INVENTION 

The present invention relates to a method of producing a de- 
tector which belongs to or is associated with a gas sensor 
and which is intended to detect electromagnetic waves, such 
as infrared light rays, passing through a gas cell. 

Reference to a gas sensor in the following description im- 
plies a device which includes a gas cell having a cavity in 
which a gas volume to be evaluated is enclosed or is allowed 
to pass therethrough, a device that generates electromagnetic 
waves, such as a light source which is adapted to emit infra- 
red light rays, a detector adapted to receive the electromag- 
netic waves generated by said light source subsequent to said 
rays having travelled along an adapted measuring path within 
the gas-cell cavity, and an electric or electronic circuit 
coupled to the detector for evaluating the intensity of the 
electromagnetic waves entering the detector and/or to subject 
said electromagnetic waves to spectral analysis, and there- 
with determine the structure, concentration and/or the compo- 
sition of said gas. 
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The invention is therewith based on the use of a gas cell 
that defines a cavity capable of enclosing a gas volume to be 
measured or evaluated, where the surface or parts of the Sur- 
face of cavity-defining wall parts in the gas cell is/are 
coated with one or more different metal layers with the in- 
tention of being able to form a surface which is highly re- 
flective to electromagnetic waves. 

More specifically, the present invention relates to a method 
of producing a detector belonging to a gas sensor and having 
properties relating to the properties of thermocouples. 

The present invention also relates to a detector produced in 
accordance with the method and adapted to co-act with a gas 
cell, either directly or indirectly. 

DESCRIPTION OF THE BACKGROUND ART 

It has long been known to use electromagnetic waves in con- 
junction with absorption spectroscopy, and then particularly 
light rays within the infrared range, and to use a tempera- 
ture-sensitive thermal element as a detector, for instance a 
thermocouple or a number of thermocouples connected in se- 
ries, where the thermoelectric effect between two different 
metals is utilised to generate a voltage difference between a 
hot and a cold soldering point belonging to said thermocou- 
ple* The hot soldering point, or points, is/are placed so as 
to be exposed by the incident light rays, while corresponding 
cold solder points are positioned so as to be shadowed from 
the incident light rays. 

It is also known to. use thermal elements in the form of Bo- 
lometers with which the electromagnetic waves received result 
in a change in resistance relative to a variation in tempera- 
ture, and where a number of series-coupled resistance changes 
are utilised to obtain accurate measuring results. 
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It is also known to construct gas sensors that are based on 
absorption techniques. In gas sensors of this nature, the 
light rays are allowed to pass through a gas sample contained 
5 in the cavity of a gas cell, wherewith certain frequency- 
dependent quantities of the light rays are absorbed by the 
gas present in the cavity. In this case, a detector is adap- 
ted to detect the light rays, and the gas in the cavity, or 
the concentration of said gas, can be determined by evaluat- 
10 ing the intensity of the light rays detected in relation to 
the chosen intensity of the incident light rays and the ab- 
sorption coefficient with respect to the light concerned, or 
the electromagnetic wavelength, in the gas in question. 



^5 



Wi5 It is also known to enable a gas cell to be compressed or 

Q made more compact with respect to its physical dimensions, by 

5^ enabling the light rays to be reflected repeatedly within the 

£j cavity such as to obtain a relatively long measuring path 

W (path length) or absorption path in relation to the internal 

~r20 dimensions of the gas cell or the cavity. 



p 



Patent Publication US-A-5, 009, 4 93 illustrates an example of 
an absorption gas cell designed to provide an absorption path 
or measuring path of adapted length within a cavity in which 
25 incoming light rays are reflected repeatedly within the cav- 
ity before being reflected out of said cavity and falling on 
a detector. 



With gas cells of this nature, it is usual to allow incoming 
30 light rays to pass into the cavity through a first opening 
and to be led out of the cavity through a second opening, 
wherewith the detector is comprised of a separate part which 
is preferably mounted on the gas cell in the close proximity 
of the second opening. 
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The gas cell cavity is normally formed with the aid of at 
least one first and one second part, whose inner surfaces can 
be treated individually to provide surfaces that will reflect 
the incoming light rays. These inner surfaces of the first 
and second parts are usually coated with one or more metal 
layers, wherewith the metal layer last applied forms reflect- 
ing surfaces or mirror surfaces. The metal used and the 
method of its application depends on the desired optical 
qualities of the surfaces and also on the optical wavelength 
or wavelengths the surfaces shall reflect. The choice of ma- 
terial in the actual body of the gas cell shall also be taken 
into account . 

With respect to the general features of the present inven- 
tion, it should also be mentioned that it is known to con- 
struct small mechanical structures by means of so-called mi- 
cromechanical or microtechnological methods, where mechanical 
components are formed on and in a substrate, such as a sili- 
con chip for instance, with the aid of different techniques. 

The publication "Combustible Gas Sensor Produced With 3D- 
Micro Technology", by Tsing Cheng, Landis & Gyr Corporation, 
Central Research and Development Lab., CH-6301 Zug, Switzer- 
land, illustrates how a compact three-dimensional thermopile 
can be formed by microtechnological methods. 

The substrate used in this case is a silicon disc or chip 
coated with a layer of Si-nitride, which provides effective 
heat conductivity and effective electric insulation (Fig. 
5a) . A grating or a number of ridges is/are formed on this 
surface (Fig. 5b) . The grating is coated with metal layers so 
as to form two different electrical conductors at two differ- 
ent oblique angles (Fig. 5c), therewith forming a plurality 
of mutually sequential junctions from the one conductor to 
the other. This results in a stack of thermocouples. 
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The publication also discloses the possibility of construct- 
ing the three-dimensional structure (Fig, 5b) from polyimide. 

Also relevant in the present context is a paper published in 
conjunction with a national conference "Micro Structure Work- 
shop 1996" held in Uppsala, Sweden, March 26-27, 1996, by 
Olle Larsson, Industrial Microelectronics Center (IMC), 
Stockholm, Sweden, entitled "Polymeric Micros tructures and 
Replication Techniques", which describes how micromechani- 
cally produced models can be replicated by first producing a 
model that corresponds exactly to the desired copy or replica 
with the aid of a micromechanical process, and then producing 
from the model a mould which is complementary to said model 
and the desired copy or replica, and thereafter producing 
several copies or replicas with the aid of the mould. A num- 
ber of ways of carrying out this procedure are described. 

Prior publications "Photonics and the Environment", March 
1996, illustrates and describes a detector in the form of a 
Bolometer, and prior publication 0-7803-4412-X/98 § 10.00 (c) 
1998 IEEE describes "A Silicon IR-source and C02-Chamber for 
CO2 Measurements". Both of these publications contribute to- 
wards a better understanding of the fundamental principles of 
the present invention. 

SUMMARY OF THE INVENTION 

TECHNICAL PROBLEMS 

When taking into consideration the technical deliberations 
that a person skilled in this particular art must make in or- 
der to provide a solution to one or more technical problems 
that he/she encounters, it will be seen that on the one hand 
it is necessary initially to realise the measures and/or the 
sequence of measures- that must be undertaken to this end, and 
on the other hand to realise which means is/are required to 
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solve one or more of said problems. On this basis, it will be 
evident that the technical problems listed below are highly 
relevant to the development of the present invention. 

When considering the present state of the art as described 
above, it will be evident that with respect to a method of 
producing a detector which belongs to a gas sensor and which 
is intended to detect electromagnetic waves, such as infrared 
light rays passing through a gas cell in which there is de- 
fined a cavity for enclosing a volume of gas to be measured 
or evaluated, where the surface or parts of the surface that 
forms/form the wall parts of the gas cell or of the cavity 
is/are coated with one or more layers of different metals 
with the intention of forming a surface that is highly re- 
flective with respect to said electromagnetic waves, and 
where the detector is comprised of a thermal element, it will 
be seen that a problem resides in realising the measures that 
need to be taken to mass-produce such a detector in a simple 
and cost-effective manner, and also in realising how these 
measures can be implemented. 

Another technical problem is one of realising how a detector 
and the electrically conductive paths and/or other electric 
and/or electronic components belonging to said detector can 
be produced within a limited surface region around or on a 
gas cell. 

Another technical problem is one of realising how a topo- 
graphic structure produced with high precision in, for in- 
stance, a silicon substrate either directly or through the 
medium of complementary means and representing or correspond- 
ing to a detector and/or a conductor path and/or electric, 
and/or electronic components can be transferred to form in 
plastic material a topographical structure whilst retaining 
the necessary precision, and then coating the topographical 
replica with one or more metal layers in a manner known per 
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se so as to form said detector and also, when required, con- 
ductor paths, electric and/or electronic components and cir- 
cuits, and when applicable connection pads. 

When a gas cell is comprised of a first and second parts that 
co-act mutually to form said cavity, another technical prob- 
lem resides in realising those measures that are necessary to 
form a detector as an integral part of at least one of said 
gas-cell parts. 



Another technical problem is one of realising how a detector 
that has the form of a thermal element and that has been pro- 
duced in accordance with the present invention shall be posi- 
tioned and how the topographical pattern shall be formed in 
the plastic material and also of realising the conditions re- 
quired to coat the topographical pattern with one or more 
metal layers and the type of metals that shall be chosen in 
respect of incident light rays so as to be able to expose 
W solely the hot solder points or the like to irradiation by 

SJO the incident light rays and not the cold solder points or the 

O like. 

•ri 

Another technical problem is one of realising what is re- 
quired to insulate or isolate an integrated thermal element 
25 on a reflective metal surface on an electrically insulated 
body or body part from the remainder of the reflective sur- 
face without needing to employ lithographic methods to this 
end . 

30 Another technical problem is one of realising how different 
ridges belonging to the topographical pattern or three- 
dimensional structure can be readily positioned in relation 
to one another so as to provide a series-coupling of thermal 
elements that are orientated in rows and columns and there- 

35 with provide a very compact detector surface that has a high 
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density of thermal elements/ regardless of whether the ther- 
mal elements are thermocouples or Bolometers - 

Another technical problem is one of realising how the coluinns 
and/or rows of ridges shall be interconnected electrically 
when so required, and electrically isolated from one another 
when so required, by configuring the topographical structure 
and by choosing the metal layers and the method of their ap- 
plication in accordance herewith. 

Another technical problem is one of realising how the topog- 
raphical structure shall be formed within the gas cell so as 
to provide the requisite connecting electrodes for an inte- 
grated detector/gas cell, in addition to the thermal element. 

Another technical problem is one of realising how the so- 
called hot solder points or the like shall be adapted to ab- 
sorb incident light rays, and to realise how the so-called 
cold solder points or the like shall be adapted to reflect 
incident light rays, if it should be that the cold solder 
points or the like would be exposed to incident light rays* 

A related technical problem in this regard, particularly when 
a detector is adapted to detect infrared light rays, is one 
25 of realising how the hot solder points or the like shall be 
covered by a heat-absorbent layer and how the cold solder 
points or the like shall be covered by a heat-reflecting 
layer . 

30 Still another technical problem is one of realising which 
type of metals shall be used when coating, e.g., the inner 
wall parts of the first cell-part so as to obtain the in- 
tended reflection by said first cell-part and the intended 
change in resistance or thermoelectric effect of the thermal 

35 elements formed. 
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Another technical problem is one of realising the conditions 
required to adapt a gas cell so as to provide a plurality of 
different measurement paths. 

With a starting point from an integrated detector/gas cell, 
another technical problem is one of realising the conditions 
necessary for mass-producing said integrated/gas cell in a 
simple and cost-effective manner. 

With a starting point from an earlier known thermocouple- 
forming topographical structure, another technical problem is 
one of realising the conditions that are required for a simi- 
lar topographical structure to form a part of the first cell- 
part, and also to realise the advantages that are afforded 
hereby . 

Another technical problem is one of realising the cost and 
production advantages that are afforded when one part of a 
two-part gas cell and a part of the detector surface-section 
are produced by shaping the same, such as moulding, pressing 
or embossing, against a die or mould that has a topographical 
surface section complementary to the topography required for 
the thermal element, where at least that part of the die or 
mould which corresponds to the detector is produced by elec- 
troplating or likewise treatment of a model of a surface sec- 
tion of the detector, where said model is produced by micro- 
mechanically working a substrate, such as a silicon sub- 
strate. 

Another technical problem is one of realising the production 
advantages and cost advantages that are afforded by shaping, 
such as moulding, pressing or embossing, a part of a two-part 
gas cell and a part of a surface section of the detector 
against a complementary model of the detector-associated sur- 
face section . 
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Another technical problem is one of realising the metrologi- 
cal advantages that are afforded by giving the topographical 
structure a square, or essentially square, extension. 

It will be seen that in the case of a square extension, a 
technical problem is one of providing conditions which enable 
a plurality of columns of ridges with series-connected ther- 
mal elements to be interconnected to form a single series of 
interconnected thermal elements, particularly thermocouples. 

In addition, a technical problem resides in realising the 
possibilities that are obtained when the detector is adapted 
to detect infrared light rays and which enables cold and hot 
solder points or the like to be adapted to absorb and reflect 
heat respectively . 

SOLUTION 

With a starting point from a detector belonging to a gas sen- 
sor and intended for detecting electromagnetic waves, such as 
infrared light rays, that pass through a gas cell which in- 
cludes a cavity adapted for enclosing a volume of gas to be 
measured or evaluated, where the surface or parts of the sur- 
face that form wall parts within the gas cell or the cavity 
is/are coated with one or more layers of different metals 
with the intention of forming a surface that is highly re- 
flective to said electromagnetic waves, and wherein the de- 
tector is comprised of a thermal element, there is proposed 
in accordance with the present invention with the intention 
of solving one or more of the aforesaid problems a method and 
a detector that are characterised in that the detector shall 
be formed on a base unit, that the part of the base unit thar 
is intended to form the detector is comprised of one or more 
surface regions that is/are shaped to provide a topographical 
structure, that at least this surface region or the surface 
regions is/are coated at least with a first electrically con- 
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ductive metal layer which is intended to form the thermal 
element via the topographical structure. 

According to proposed embodiments that lie within the scope 
of the present invention, the thermal element may comprise a 
Bolometer or a row of thermocouples. 

In this latter application, it is proposed that a first metal 
layer is applied at a first angle other than 90°, and chat a 
second metal layer is applied at another angle other than 9^ 
and different from said first angle, and that the copographi- 
cal structure and/or. said configuration including said elec- 
trically conductive coatings functions/function as one or 
more thermocouples by virtue of the first and the second 
metal layer or coating overlapping each other within discrete 
surface parts of the detector. 

According to one embodiment of the invention, the detector is 
produced on a limited surface region, and electrical conduc- 
tor paths and/or electric circuits and/or electronic circuits 
are produced in the same way adjacent the limited surface re- 
gion. 

With the intention of enabling the topographical structure to 
be produced with sufficient precision, it is proposed in ac- 
cordance with the invention that the base structure of the 
detector is produced by shaping, such as moulding, pressing 
or embossing, said base structure against a mould or die that 
has a complementary topographical structure, and that at 
least one part of the die or mould, i.e. that part which cor- 
responds to the surface section of said detector, is produced 
by electroplating or likewise treating a model that has a to- 
pographical configuration adapted for said detector, and that 
said model is produced by micromechanically working a sub- 
strate, such as a silicon substrate. 
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Alternatively, the topographical structure can be produced 
with sufficient precision by shaping, e.g. moulding/ pressing 
or embossing, the base structure against a mould or die that 
has said complementary topographical structure, and by pro- 
ducing at least a part of said mould or die, i.e. that part 
which corresponds to the surface section of said detector, by 
micromechanically working a substrate, such as a silicon sub- 
strate . 

In those instances when a gas cell is comprised of first and 
second parts that are able to form said cavity when appropri- 
ately brought together, it is proposed in accordance with the 
invention that the base structure is applied as a unit sepa- 
rate from the first cell part. 

According to the present invention, it is particularly bene- 
ficial for the base structure to form an integral part of the 
first cell part, and for the detector-associated surface 
parts to form a part of the inner surface of said cavity. 

In such cases, the cavity-associated surface sections can be 
coated at the same time as the detector-associated surface 
parts are coated, and with the same metal coatings. 

According to one embodiment of the invention, the topographi- 
cal structure may be adapted to provide requisite detector 
connection pads, and also electric conductor paths and/or 
electric circuits and/or electronic circuits. 

Electric conductor paths and/or electric and/or electronic 
circuits may also be formed in the second cell part. 

According to one embodiment of the invention, the topographi- 
cal part of the detector may comprise a number of so-called 
conductive ridges that have a first side surface, a second 
side surface and an upper surface, and to provide a so-called 
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conductive surface in between respective mutually adjacent 
ridges . 

According to the invention, the detector-associated base 
structure is coated with a layer of a first metal at a first 
angle relative to said base structure, and with a layer of a 
second metal at a second angle relative to said base struc- 
ture, wherein the first angle is adapted so that the first 
side surface and at least a part of the upper surface of re- 
spective conductive ridges and at least a part of the inter- 
mediate conductive surfaces will be coated with the layer of 
said first metal, and wherein said second angle is adapted so 
that the second side surface and at least a part of the upper 
surface of respective conductive ridges and at least a part 
of the intermediate conductive surfaces will be coated with a 
layer of said second metal . 

According to one embodiment, the first and the second angles 
are adapted relative to one another such that the layer of 
said second metal will overlap and be in electrical contact 
with the layer of said first metal solely on the upper sur- 
face of respective conductive ridges and on the intermediate 
conductive surfaces, such that the metal layers will form a 
series of electrically interconnected junctions between the 
first and the second metals. 

It is also proposed in accordance with the present invention 
that the metal layers in the integrated part shall be elec- 
trically isolated from the metal layers within surrounding 
surface sections of the base structure. 

With the intention of enabling hot solder points to be ex- 
posed to incident light rays while excluding cold solder 
points from exposure of said rays, it is proposed in accor- 
dance with the invention that the detector-associated surface 
parts are positioned relative to the incident light rays such 
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that said light rays will irradiate the upper surface of re- 
spective conductive ridges and such that said intermediate 
conductive surfaces will be shadowed by the conductive ridges 
with respect to said incident light rays. 

5 

Requisite electrical insulation, or isolation, between the 
conductive ridges and surrounding metal layers is achieved in 
accordance with the present invention with the aid of so- 
called insulating ridges that have associated so-called insu- 

10 lating surfaces that are positioned relative to one another 
and relative to said conductive ridges and also relative to 

^ said first and said second angle such that said insulating 

surfaces will be devoid of said first and said second metals. 

W> With the intention of providing a series of thermocouples po- 

^ sitioned in rows and columns, it is proposed in accordance 

M= with the invention that the conductive ridges will be given a 

configuration in which they form n-number of columns, these 
K columns being designated column 1, column 2, etc., up to col- 
S) umn "n", and where the number of conductive ridges in each 
O column is "m", said columns being designated ridge 1, ridge 2 

to ridge "m", where "m" may be different in respect of reach 

column . 

25 In order to enable the ridges of respective columns to be 

coupled together, it is proposed in accordance with the in- 
vention that the first ridge in each colximn, with the excep- 
tion of the "n"th column, and the "m"th ridge in each column, 
with the exception of the last column, form interconnection 

30 ridges, where the "m"th ridge in each column, with the excep- 
tion of the last column, is electrically connected together 
with the first ridge of the next following column, whereby 
the junctions between the first and the second metal layers 
of all conductive ridges within ail columns form said series 

35 of electrically interconnected junctions. 



wo 99/41592 PCT/SE99/00I45 

Thus, the junctions between the first and second metal layers 
of all conductive ridges in all columns will form a common 
series of electrically interconnected junctions. 

According to the present invention, the electrical intercon- 
nection between an "m"th ridge in one column and a first 
ridge in an adjacent column is achieved by virtue of forming 
an electrically conductive surface section between the adja- 
cent columns and connecting this conductive surface section 
to mutually interconnected ridges of adjacent columns while 
electrically insulating or isolating said conductive surface 
section from said adjacent columns in other respects. 

With the intention of providing connection electrodes for the 
thus formed thermocouple, it is proposed in accordance with 
the invention that the aforesaid series of conductive ridges 
form the series-connected thermocouple, that the metal coat- 
ing or layer on a first or a second side surface of a first 
conductive ridge, or a conductive surface adjacent said first 
conductive ridge in said series of conductive ridges, forms a 
first connection electrode on the thermocouple, and that a 
first or a second side surface of a last conductive ridge, or 
an adjacent conductive surface of said last conductive ridge 
in said series of conductive ridges forms a second connection 
electrode on said thermocouple. 

When the light rays are rays that lie in the infrared wave- 
length range and when the detector is adapted to detect in- 
frared light, it is proposed in accordance with the present 
invention that the upper surface of respective conductive 
ridges is covered with a heat-absorbent layer and that the 
intermediate conductive surfaces are covered with a heat- 
reflecting layer. 

More specifically, it is proposed in accordance with the pre- 
sent invention that the heat-absorbent layer is comprised of 
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carbon and that the heat-reflecting layer is formed by the 
metal layers existing thereon. 

In order to limit the amount of light that is reflected down 
between two adjacent ridges it is proposed that these are po- 
sitioned relative to incident light rays so that the metal 
with the lowest reflection coefficient of the two reflection 
coefficients is the metal covering the side surface of the 
ridges that will face the incident light rays. 



In order to achieve a good thermoelectric effect in the junc- 
tion of the metal chosen for the first metal layer to the 
metal chosen for the second metal layer, the first metal 
P shall differ from the second metal. It is also proposed in 

ifs accordance with the invention that the two metals are gold 

covering chromium, which together provide both a thermoelec- 
S trie effect and suitable optical properties in connecting 

^ with the reflecting surface to be formed within the cavity. 

O 

feo With the intention of providing the possibility of utilising 
n different measuring paths inside the cavity, it is proposed 

C in accordance with the present invention that the first cell 

part can be provided with two or more different, detectors, 
and that the second cell part can be provided with one or 
25 more detectors. 

The present invention also relates to a detector that has the 
properties possessed by a detector produced in accordance 
with the aforementioned method. The method and a gas sensor 
30 constructed in accordance with the method offer a solution to 
all of the technical problems recited in the introduction. 

ADVANTAGES 



35 



Those advantages primarily afforded by an inventive method 
and a detector constructed in accordance with said method re 
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side in the ability of producing a detector for co-action 
with a gas sensor in a simple and cost-effective manner and 
being adapted particularly with regard to concepts of the in- 
vention . 

According to the invention, a detector that includes a very 
large number of series-connected thermal elements can be pro- 
duced in large volumes and with great precision. This enables 
detectors integrated in a gas cell to be mass-produced, said 
detector being highly sensitive as a result of the large num- 
ber of series-connected thermal elements and being optically 
well aligned in the measuring path. 

The necessary detector model is produced with high precision 
by micromechanically working, e.g., a silicon base structure 
and the model transferred to a die or mould used in the mass 
production of gas cell base structures, for instance in a 
plastic material. 

The advantages afforded by a method and/or a detector accord- 
ing to the present invention are applicable with respect to 
production, enabled by simple high precision manufacture, and 
with regard to cost by enabling the mass production of sensi- 
tive and effectively aligned detectors that are especially 
adapted with respect to their application. 



The primary characteristic features of an inventive method 
are set forth in the characteri^yrig clause of the following 
Claim 1, while the primary chajapteristic features of an in- 
ventive detector are set forth in \the characterising clause 
of the following Claim 26. \ 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A method and a gas sensor having features characteristic of 
the present invention will now be described in more detail by 
way of example, with reference to the accompanying drawings, 
in which 

Figure 1 is a highly simplified, schematic illustration 
of a gas sensor built-up on a plate or base 
structure and including a two-part gas cell 
whose one part is shown over the bottom part on 
which a detector and a light generating device 
are fastened and which is adapted according to 
the specifications given in accordance with the 
present invention in other respects; 



Figure 2 is a schematic, side view of a portion of a 
first cell part according to Figure 1; 

Figure 3 is a schematic, somewhat enlarged side view of 
an inventive detector; 

Figure 4 illustrates a detector according to Figure 3 
that includes two layers of different metals 
which form a number of series-connected thermal 
elements in the form of thermocouples; 

Figure 5 is a highly simplified and schematic illustra- 
tion of a possible conductor path, electric 
and/or electronic circuits, and connection pads 
that can be formed in accordance with the in- 
vention; 



Figures 



6a 



and 6b are schematic side views that illustrate 
how a detector-adapted base structure can be 
formed from a die or mould and a model; 
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Figure 7 illustrates a discrete detector applied to a 
part belonging to a gas cell; 

Figure 8 is a simplified illustration in side view that 
shows how a detector can be aligned or posi- 
tioned in relation to a chosen angle of inci- 
dence of light rays; 

Figure 9 illustrates schematically and from above how a 
detector can be isolated electrically from a 
surrounding metal layer; 



Figure 10 is a schematic side view showing how a detector 
can be isolated electrically from- a surrounding 
metal layer; 



Figure 11 illustrates schematically and from above a de- 
tector that includes a plurality of columns of 
conductive ridges, and shows the columns inter- 
connected electrically; 

Figure 12 illustrates schematically and from above a de- 
tector according to Figure 11 with which the 
columns are interconnected electrically by 
means of electrically conductive surface sec- 
tions ; 



Figure 13 illustrates schematically and from above how 

conductive and insulating ridges co-act to form 

a detector that may include a plurality of col- 
umns of conductive ridges; 

Figure 14 illustrates schematically and in side view how 

conductive ridges can be adapted to absorb in- 
cident light rays; and 
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Figure 15 is a highly simplified, schematic illustration 
of a gas cell where the inner surfaces of the 
gas cell cavity have been provided with a num- 
ber of detectors, 

DESCRIPTION OF EMBODIMENTS AT PRESENT PREFERRED 

The invention relates to a method of, inter alia, producing a 
gas sensor associated detector. The invention provides a high 
degree of freedom with regard to positioning of the detector 
as a separate unit or as a unit that is integral with gas 
sensor components, such as the gas cell. 

The method has been describe^ earlier under the heading "SO- 
LUTION" and is described mord succinctly in the following 
method Claims, \ 

Consequently, the following description deals mainly with the 
gas sensor adapted detector. 

Figure 1 thus illustrates, among other things, a detector 3, 
which is adapted to co-act with a gas sensor 1. 

The illustrated kind of gas sensor 1 includes a gas cell 2 in 
which there is defined a cavity 21 that includes openings 
21A, 21A' and/or openings 21B through which a volume of gas 
"G" to be measured or evaluated can enter and leave said cav- 
ity. 

A device la for generating infrared light rays is adapted to 
generate light rays 4 and to direct the rays into the cavity 
21 . 



The light rays 4 can be caused to 
mutually opposing sections of the 



reflect repeatedly against 
walls defining said cavity. 
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such as the illustrated wall sections 21C, 21D and 21E, and 
thereafter pass to a receiving detector 3. 

The detector 3 has connected thereto one or more electric 
circuits or electronic circuits lb which function to evaluate 
the intensity of the light received in the detector 3 and to 
evaluate the properties and/or the concentration of the gas 
"G" on the basis of the intensity of the light in rhe device 
la, among other things. 

The gas cell 2 can be conceivably designed so that electro- 
magnetic waves, such as light waves 4, entering the cavity 21 
will fall on the detector 3 either directly or, as shown, af- 
ter having been reflected an adapted number of times within 
the cavity 21. This latter alternative enables the light rays 
to cover an adapted path length or measuring path within the 
cavity 21, which may be necessary in absorption spectroscopy, 
for instance. 

The gas cell 2 is normally constructed with the aid of a plu- 
rality of mechanical parts. 

As will be seen from Figure 1, the gas cell 2 is comprised of 
a combination of a first part or component 2A and a second 
part or component 2B, of which at least the part 2A is made 
of a plastic material and has been formed by some sort of 
moulding or pressing process or by embossment against a die 
or mould, such as to enable the interior of the gas cell to 
be given an adapted interior shape, i.e. in the interior of 
the cavity 21. In the illustrated case, the second part 2B 
may consist in a fiat plate B or a base structure. 

The illustrated parts 2A and 2B are both made of a plastic 
material and their respective inner surfaces and/or wall 
parts have been provided with an electrically conductive 
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metal layer, so that said surfaces or wall parts will be 
highly light-reflective. 

The light generating device la of the Figure 1 embodiment has 
been shown in the form of a separate component lying on a 
supporting base or plate B. The detector 3 is also shown as a 
separate component . 

It will be apparent from the following description that these 
components can be integrated either with the part 2A or in 
the surface of the base structure B. 

In the Figure 2 embodiment , \the surfaces 21C/ 21D and 21E 
that form the wall parts witnSln the gas cell 2, or at least a 
part of said surfaces 21C, 21D\and 21E, are usually coated 
with two different metal layersVll, M2 that consist of a se- 
lected first metal in a first layer Ml, and a selected second 
metal in a second layer Ml, this sVcond layer being intended 
to form a highly reflective surfaceV/ith respect to said 
light rays 4, therewith enabling practically loss-free re- 
flections to be achieved. 

In the case of one application of this kind, the detector 3 
is usually mounted in the close proximity of the gas cell at 
a light-ray exit opening 22. In one design of the gas cell, 
there is formed a number of reflection surfaces which are so 
orientated that light rays 4 entering the gas. cell 2 through 
an inlet opening 23 and allocated a predetermined direction 
into the gas cell 2 or the cavity 21, will be reflected 
through the cavity in accordance with a predetermined pattern 
21c, 21D and 21E and fall on the detector 3 at a predeter- 
mined angle of incidence "a" . 

\ 

International Patent Application PCT/SE96/01448 , with Publi- 
cation No. WO 97/137460, and Wie International Patent Appli- 
cation PCT/SE97/01366, with Publication No, WO 98/09152, dis- 
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close exampi^s of earlier known gas sensors in which incoming 
light rays are rep^-^t^dly reflected within the cavity in ac- 
cordance with a predete^lB^^d pattern, international Patent 
Application PCT/SE97/01366 is"t^c^lsidered to constitute part 
of this description. 



It is important that the detector 3 is aligned with respect 
to this angle of incidence "a" in the best possible way, so 
as to obtain a sufficiently good measuring signal. It is also 
important that the detector 3 has sufficiently high sensitiv- 
ity to the signal to be detected. 



Light sources that generate light waves in the infrared wave- 
length range are often used in conjunction with absorption 
spectroscopy, and consequently it is usual to use detectors 
consisting of thermal elements. 



It is also known to use thermal elements in the form of tem- 
perature dependent resistance elements, such a^ Bolometers, 
or thermoelectric elements or thermocouples. The sensitivity 
of these elements is usually enhanced, by connecting several 
such elements in series . 

The following description is concentrated, to a large extent, 
on the measures required to construct a detector in the form 
of a number of series-connected thermocouples , 

Those skilled in this art will realise that the following 
proposals can be modified appropriately to provide series- 
connected resistance paths for a Bolometer. 



According to the invention, at least the detector 3 consti- 
tutes a part of a surface. This surface may consist in an 
outer part within the wall parts of the cavity 21 and "cover" 
the opening 22 with connection lines drawn down towards the 
supporting base B in connection with the detector 3 of the 
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Figure 1 illustration, where requisite connecting pads are 
f ormed- 

The detector 3 may alternatively be formed within a surface 
part of the part 2B that lies closely adjacent to the loca- 
tion of the detector 3, wherewith said part 2A is provided 

with a 45° reflectance surface immediately above said surface 
part and "covering" the opening 22, 

Figure 3 shows, in accordance with- the present invention, 
that the detector 3 is formed specifically on a body having 
the form of an underlying or base surface 31 or a part of a 
larger underlying supporting base surface B, In this case, 
that part of the underlying support surface 31 that forms the 
actual detector 3 is comprised of one or more surface regions 
3a formed topographically in a plastic element. 

At least the surface region or regions 3a is/are coated with 
a first and a second electrically conductive metal layer Ml, 
M2, these layers being intended to form a thermocouple in ac- 
cordance with Figure 4 . 

Those persons skilled in this particular art will realise 
that a Bolometer requires only a first electrically conduc- 
tive metal layer on the topographically formed surface re- 
gion. 

In this case, the topographic structure shall form from the 
electrically conductive layer a loop whose electrical resis- 
tance varies with temperature. It is also possible to form a 
first and a second loop by means of a topographic structure, 
where the first loop is allowed to be exposed to incident 
light rays and where the second loop is in the shadow of in- 
cident light rays as a result of the topographic structure, 
therewith enabling compensation to be made for variations in 
background temperature . 
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In order to obtain a chosen conductive pattern, an electric 
and/or an electronic c'ircuit and/or electric or electronic 
components, there is required a well-developed topographic 
configuration on the chosen surface region of the plastic 
element, and a particular metal coating application. 

All persons skilled in this particular field are capable of 
creating a topographic pattern on an electrically insulating 
plate that will provide a desired printed circuit or the like 
subsequent to applying a metal layer or layers thereto. 

It will be understood that in the illustrated case, the first 
metal layer Ml is applied to the surface region concerned at 
a first angle "b" other than 90° or the normal, and that the 
second metal layer M2 is applied at a second angle "c" other 
than 90"^ and differing from the first angle "b" . These angles 
"b" and "c" normally lie in one and the same plane. 

The topographic structure and/or the form 3a provided with 
electrically conductive coatings provides the function of one 
or more several thermocouples, by virtue of the first and the 
second metal layers Ml, M2 being allowed to overlap within 
discrete surface parts of the detector. 

Figure 5 shows the possibility of producing the detector 3 on 
a restricted surface region and to produce requisite electric 
circuitry 3* and/or electric and/or electronic circuits 3'' 
and requisite connection pads 3''' within this restricted 
surface region in the same way as that described above, i.e. 
by coating a topographic structure with one or more metal 
layers from different angles. 

As illustrated in Figure 6a, it is proposed in accordance 
with the invention that the underlying support surface 31 is 
produced by shaping, such as moulding, pressing or embossing, 
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against a die or mould 31', where^at least a part of the 
mould corresponding to the detector 3, according to Figure 
6b, is produced by electroplating a model 31'' of the detec- 
tor 3, said model 31'' being produced by micromechanically 
working a substrate, such, as a silicon substrate, where the 
topographic structure and/or configuration of the model 31'' 
is chosen to correspond to desired surface parts of the- de- 
tector, electric conductor paths and/or electric and/or elec- 
tronic circuits. 

Alternatively, the base unit 31 shown in Figure 6a can be 
produced by shaping, such as moulding, pressing or embossing, 
said unit against a die or mould 31', where at least a part 
of the mould corresponds to the detector 3 produced by micro- 
mechanically working a substrate, such as a silicon sub- 
strate, where the topographical structure and/or configura- 
tion of the substrate 31' is complementarily dependent on de- 
sired detector-associated surface parts, electric conductor 
paths and/or electrical and/or electronic circuits. 

Figure 7 shows that the base\unit 31 may consist of a dis- 
crete of separate component a^d applied to the first part 2A. 

However, the most favourable embodiment for integrating the 
detector 3 in said cavity is that shown in Figure 3, where 
the base unit 31 constitutes an integral part of the first 
cell-part 2A, and where the detector-associated surface parts 
are an integral part of the surface belonging to said cavity 
21 . 

Regardless of whether the base unit 31 is a discrete compo- 
nent in accordance with Figure 7 or an integral part of the 
first cell-part 2A, it is possible to coat the cavity- 
associated surface sections and the detector-associated sur- 
face parts at one and the same time, preferably with the same 
metals . 
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The present invention also enables the topographic structure 
to be adapted to provide the requisite connection pads 3''' 
belonging to said detector 3, electric conductor paths 3', 
5 and/or electric and/or electronic circuits 3''. 

Alternatively/ the electric conductor paths 3' and/or the 
electric and/or the electronic circuits 3'' can be formed in 
the second part 2B . 

10 

According to the present invention, the formed detector 3 may 

comprise an integral part of the first cell-part 2A, as il- 
O lustrated in Figure 3. It is assumed in the remainder of the 

description that such is the case. The person skilled in this 
rtfs art will understand how the present method shall be applied 

when the formed detector does not constitute an integral part 

of the first cell-part 2A, 

2 It is particularly convenient to provide the base unit with a 

5o number of conductive ridges 5, 5', 5''. Each of these conduc- 

tive ridaes has a first side surface 5a, a second side sur- 
p face 5b and an upper surface 5c . An intermediate surface 6, 

designated here a conductive surface, is located between two 

mutually adjacent conductive ridges 5, 5'. 

25 

It should perhaps be mentioned that the expression "conduc- 
tive ridges" may be somewhat misleading, since the topo- 
graphic structure has the form of a greatly reduced "sky- 
scraper structure", i.e. the structure is comprised of a plu- 
30 rality of narrow rods where the rods in one row (or column) 
may be slightly offset laterally with respect to the rods in 
adjacent alternate rows and with different rods of different 
heights . 



35 



As previously described with reference to Figures 3 and 4, 
the electrically non-conductive base unit 31 is coated with 
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the first metal Ml at a first angle "b" in relation to the 
detector surface, and with the second metal M2 at a second 
angle "c" relative to said detector surface. 

The first angle "b" shaVl be adapted so that the first side 
surface 5a and at least ^ part of the upper surface 5c of re- 
spective conductive ridges 5, 5', 5'', and at least a part of 
the intermediate conductive surfaces 6 will be coated with 
the first metal layer Ml, 5and the second angel "c" shall be 
adapted so that the second Jside surface 5b and at least a 
part of the upper surface 5c\of respective conductive ridges 
5, 5', 5'*, and at least a paVt of the intermediate conduc- 
tive surfaces 6 will be coatedNwith the second metal layer 
M2, in accordance with Figure 4\ 

The first and the second angles "b\, "c" shall be adapted so 
that the second metal layer overlaps the first metal layer Ml 
on the upper surface 5c of respectiv^ conductive ridges 5, 5' 
and on the intermediate conductive surfaces 6, 6' so as to 
form an electric contact with M12, M2L and so that the metal 
layers Ml, M2 will form a series of electrically coupled 
ridges or transitions M12, M12', M21, M21' between the first 
and the second metals. \ 

As evident from Figure 4, this results in a series of thermal 
elements, where the number of series-connected thermal ele- 
ments corresponds to the number of ridges. In order to obtain 
an electrically functioning detector 3, it is necessary for 
all thermal elements to be insulated electrically from sur- 
rounding metal layers, i.e. that the metal layers Ml, M2 in 
the detector-associated surface are electrically isolated at 
71 from the metal layers MIR, M2R on the surrounding surface. 

As illustrated in Figure 8, it is proposed in accordance with 
the present invention that the integrated part is aligned 
relative to the angle of incidence "a" of the incident light 
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4 by positioning the detector 3 in relation to incident light 
rays 4, such that said rays will irradiate the upper surface 
5c of respective conductive ridges, and such that the inter- 
mediate conductive surfaces 6 will lie in the shade of the 
5 conductive ridges with respect to incident light rays 4. 

As will be seen from Figures 9 and 10, electric isolation, or 
insulation, 71, between the detector 3 and surrounding metal 
layers MIR, M2R is achieved with the aid of insulating ridges 
10 81 with adjacent insulating surfaces 91 belonging to the in- 
tegrated part are so positioned relative to each other and 
^ relative to the conductive ridges 5, 5', 5'' and relative to 

m the first and to the second angle "b", "c" that both the 

fd first metal coating and the second metal coating will be ab- 

1^5 sent on the insulated surfaces 71. 

6 

1=^ Figures 9 and 10 also show how a column of ridges is con- 

p structed. It is desirable to obtain a large number of series- 

m coupled transitions from one metal to the other metal, in or- 

g^O der to enhance the resolution, or sensitivity, of the detec- 
O tor 3. If it is necessary to increase the number of series- 

connected transitions, the detector surface will obtain a 
pronounced oblong shape. For reasons of measuring technology, 
however, it is desirable for the detector surface to have an 
25 essentially square shape. 

Accordingly, it is proposed in accordance with the invention 
that the conductive ridges have a configuration which com- 
prises a number of columns of mutually parallel conductive 

30 ridges, as shown in Figure 11, where the number of columns is 
"n", here designated column 1 (kl), column 2 {k2) , and so on 
to column "n" (kn) where the number of conductive ridges in 
respective columns is "m", here designated ridge 1 (al), 
ridge 2 (a2) and so on up to ridge "m" (am) and where "m" may 

35 be different for respective columns. 
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In order for the ridges in respective columns to form a co- 
herent series of junctions, it is proposed in accordance with 
the invention that the "ni"th ridge "am" of each column, with 
the exception of the last column "kn", is coupled electri- 
cally 51 to the first ridge "al" of the next following col- 
umn. 

In this way, the transitions between the first and the second 
metals belonging to all conductive ridges within all columns 
form a common series of electrically coupled junctions. 

Figure 12 illustrates an embodiment in which the electric in- 
terconnection 51 between two ridges of two mutually adjacent 
columns kl, k2 can be effected by forming an electrically 
conductive surface section SlV as said interconnection. 

Figure 13 illustrates that an essentially square thermocouple 
can be constructed by combining electrically conductive 
ridges al, a2 with insulating ridges 81. 

It is also suggested in accordance with the present invention 
that the series of electrically conductive ridges form the 
series-connected thermocouples, where the metal layer on a 
first or on a second side surface of a first conductive ridge 
kl, al, or a conductive surface adjacent said first conduc- 
tive ridge, in the series of conductive ridges forms a first 
connection electrode 53 on the series-connected thermocouple, 
and that a first or a second side surface of a last conduc- 
tive ridge kn, am, or a conductive surface adjacent said last 
conductive ridge, in the series of conductive ridges, forms a 
second connection electrode 54 on the series-connected ther- 
mocouple. 

Figure 14 is intended to show in particular that when the de- 
tector 3 is adapted to detect light rays within the infrared 
wavelength range, the upper surface 5c of a respective con- 
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ductive ridge may be covered with a heat-absorbent layer 55 
and the intermediate conductive surfaces 6 covered with a 
heat-reflecting layer 56. 

This is done so that the hot solder points constituting meas- 
uring points in the thermocouple and exposed to the incident 
light rays shall absorb the greatest possible part of the 
thermal energy present in incident light rays or beams. The 
cold solder points, i.e. the conductive surfaces between the 
conductive ridges, shall not be subjected to incident light 
rays and are therefore shaded by the conductive ridges, as 
earlier described. However, certain amounts of stray light 
may occur in the cavity, and consequently it is desirable and 
appropriate to cover the cold solder points with a heat- 
reflecting layer. 

According to one preferred embadiment of the invention, the 
heat-absorbent coating 55 is comprised of a layer of carbon, 
whereas the heat-absorbent coating 56 is comprised of the re- 
flective metal layers Ml, M2 . \ 

The metal in one of the two metal layers Ml has a first re- 
flection coefficient in relation to the light rays 4 and the 
metal in the other of the two metal layers M2 has a second 
reflection coefficient in relation to the light rays 4. As 
can be seen from Figure 8 the incident light forms an angle 
"a" in relation to the detector-associated surface parts. 

In order to limit the amount of light that is reflected down 
between two adjacent ridges it is proposed that these are po- 
sitioned relative to incident light rays so that the metal 
with the lowest reflection coefficient of the two reflection 
coefficients is the metal covering the side surface 5a that 
will face the incident light rays. 
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The two metals Ml, M2 used shall be appropriate both with re- 
spect to optical properties, reflection of utilised light 
rays, and also with respect to their thermoelectric proper- 
ties. Thus, the first metal Ml shall differ from the second 
metal M2 and said metals shall provide a thermoelectric ef- 
fect in co-action with one another. 



According to one preferred embodiment, the two metals are 
gold and chromium respectively, where chromium is the first:, 
innermost metal Ml, and gold is the second metal M2 . 

This is specifically advantageous if the detector is an inte- 
gral part of the gas cell, since gold, on top of chromium, 
has very good optical characteristics. 



It shall be noted that if the detector is not an integral 
part of the gas-cell, but is manufactured by itself and ap- 
plied to the gas cell, or if the wall parts of the cavity in 
the gas cell can be covered as the two metals are applied to 
the surface regions of the detector, for instance through 
masking, then other metals than can be used with more advan- 
tageous thermoelectric characteristics . 

It will also be understood tha\ a gas cell can be provided or 
allocated with a plurality of detectors, within the concept 
of the invention. This possibilitV is illustrated in Figure 
15, in which the first part 2A incPudes integrally two or 
more different detectors 31, 32, andVor by providing the sec- 
ond part 2B or further second parts wVth one or more detec- 
tors 33,34. \ 

The term rays of electromagnetic waves, light beams, and more 
specifically light rays or beams within the infrared wave- 
length range or infrared light has been used generally in 
this description. It will be understood, however, that the 
present invention is not restricted specifically to infrared 
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light and that all rays of electromagnetic waves that can be 
detected by thermocouples or the like can be used, such as 
electromagnetic waves within the microwave range, for in- 
stance . 

It is pointed out that with the intention of facilitating an 
understanding of the invention, the devices and apparatus il- 
lustrated have been greatly enlarged and greatly simplified. 
In practical applications, the cavity in a gas cell will have 
dimensions in the regions of millimetres or a centimetre, 
whilst the detector and its ridges will have dimensions in 
the micrometer range. However, the present invention is not 
restricted to specific sizes of the components and said com- 
ponents may have any desired dimensions, in accordance with 
the requirements that prevail in respect of a particular ap- 
plication. 

It will be understood that the invention is not restricted to 
the af oredescribed and illustrated exemplifying embodiments 
thereof, and that modifications can be made within the con- 
cept of the invention as illustrated in the following Claims, 



